Aims-To investigate treatment with glycerolwashing as a potential substitute for freeze-thawing in the production of leucocyte depleted red cell concentrates for patients with a history of nonhaemolytic reactions following transfusion. Methods-The standard procedure of treatment with glyceroll-80°C freezingl thawing/washing was compared with a similar procedure in which freezing was omitted. The quality of the resulting red cell products was assessed in relation to: (1) standard red cell biochemical parameters; (2) 
glycerolwashing as a potential substitute for freeze-thawing in the production of leucocyte depleted red cell concentrates for patients with a history of nonhaemolytic reactions following transfusion. Methods-The standard procedure of treatment with glyceroll-80°C freezingl thawing/washing was compared with a similar procedure in which freezing was omitted. The quality of the resulting red cell products was assessed in relation to:
(1) standard red cell biochemical parameters; (2) Plasma depleted red cell concentrates were treated with 6-2M glycerol (Glycerolyte 57, Baxter-Fenwal, DCerfield, Illinois, USA) and frozen in a -80°C cabinet freezer (Hetofrig CL4 10, Copenhagen, Denmark), as described by Valeri.5 After frozen storage (one week for the units described in this study) the units were thawed at 42°C, diluted with 12% NaCl, and then washed with 2 litres of 0 9% NaCl on a Haemonetics 15 cell washer (Haemonetics, Braintree, Massachusetts). The recovered red cell units were centrifuged and the residual saline was removed to give a haematocrit of about 80%. For the purpose of studying red cell storage at 4°C, the cells were then divided into equal volumes and 50 ml of the red cell additive ADSOL9 or 50 ml of the additive AAS'0 was added to the cells. Units were then stored at 40C and sampled at the intervals shown in the results section.
The glycerol treated/washed red cells were prepared in the same way as frozen-thawed red cells, except that after glycerol treatment, the cells were equilibrated for 15 minutes at 22°C. They were then diluted with hypertonic saline and washed as described above. The final products were also studied as suspensions in the additives described above. Pall RC50 filters (Pall Biomedical, Portsmouth, England were used to filter red cell units using sterile connection procedures, as described previously."
Red cell adenosine 5'-triphosphate, extracellular haemoglobin, and extracellular potassium were measured as described before.'2 Total red cell counts were performed on a Sysmex E-2500 electronic counter (TOA, Kobe, Japan).
Residual leucocytes were counted flow cytometrically using a method based on that of Dzik et al."3 Following permeabilisation of the leucocytes with Triton x 100, nuclei were treated with RNAase and propidium iodide and then analysed on a FACScan flow cytometer (Beckton-Dickinson, Mountain View, California, USA). Data acquisition was based on dot plots for fluorescence intensity on the propidium iodide channel and intensity of forward scatter. Fluorescence was gated and counted for 10 minutes. A detailed description of the method and its validation will be reported separately.
Phenotyping of the residual leucocytes was also performed on the flow cytometer, using labelled monoclonal antibodies to leucocyte antigens. Reagents were obtained from Becton-Dickinson, and the manufacturer's instructions were followed for sample prepa The leucocyte and lymphocyte subset distribution for the two processes is shown in table 2. Both methods resulted in a preferential removal of granulocytes. Phenotyping the residual lymphocytes showed that the freezing procedure resulted in significantly lower concentrations of HLA class II bearing cells (difference between means -7 25; 95% confidence interval -1-86 to 12-64). Dendritic cells were depleted to similar levels by both methods. With filtration, residual leucocyte numbers were significantly lower (p < 0-01) than for both the other leucocyte depletion procedures. A higher proportion of granulocytes passed through the filters, however, resulting in residual granulocyte numbers of about 4.4 x 106/unit compared with approximately 0-54-0-74 x 106/unit for the other procedures.
The figure shows the effect of the two methods on the ability of lymphocytes in the red cell concentrates to act as stimulator cells in the mixed lymphocyte reaction. Both procedures severely and equally destroyed lymphocyte stimulation of two different responding cells. in these patients which are avoided when transfusing the granulocyte-poor frozen cells. This contention is supported by the data for filtered cells shown in table 2 which confirm a higher absolute granulocyte content in filtered cells compared with frozen or glycerol treated cells, despite a lower total leucocyte content. The filters we used at the time of this study included the ones described in table 2; we have subsequently studied filters with higher leucocyte-and granulocyte-depletion efficiency (Farrugia et al; unpublished observations) .
Similar levels of leucocyte removal as well as a similar leucocyte subset composition were attained when the red cell concentrates were subjected to an identical procedure without freezing. This confirms previous findings that this procedure is equally effective in removing leucocytes and preventing NHFTR.s The exposure of leucocytes to glycerol results in extensive damage of the cell membrane, nuclear changes, and leakage of nuclear material from the cell, causing leucocyte clumping and removal of the resulting aggregates during subsequent cell washing.2 The freeze-thawing procedure also substantially damages the red cells.34 Our study shows that red cell damage, as assessed by haemolysis and potassium leakage is significantly decreased when red cells are treated with glycerol but not frozen. This suggests that with the use of special washing harnesses to enable all procedures to be performed in a closed system, this method will allow better quality red cells to be delivered and with fewer logistical difficulties than frozen-thawed red cells.
Analysis of the subset composition of the residual lymphocytes in the processed red cells showed that the freezing procedure resulted in significantly lower numbers of HLA class II bearing cells. Class II positive antigen presenting cells are responsible for initiating the immune response which results in HLA antibody formation.'8 It might therefore be expected that glycerol treated washed cells would pose a higher risk of inducing HLA alloimmunisation than frozen/thawed cells. The finding that the two procedures produced equivalent numbers of dendritic cells, considered to be the most important in HLA alloimmunisation,'9 suggests, however, that their immunogenic potential should be similar. Further evidence of the nonimmunogenicity of the residual lymphocytes in both procedures was supplied by the reduction in their ability to stimulate responder cells in the one-way mixed lymphocyte reaction ( figure) . This test has already been used as an in vitro indicator of the ability of passenger lymphocytes in blood products to cause an immune response and HLA antibody formation when transfused.3 20 The similarly reduced level of incapacitation in this test suggests that the residual lymphocytes from both will be incapable of causing HLA alloimmunisation. Patients not previously immunised may therefore be kept in this state when transfused with these products, thereby avoiding subsequent complications such as unresponsiveness to platelet transfusions, should these be required.
In summary, omitting the freezing step in the production of leucocyte depleted red cells by freeze-thawing results in a product with improved red cell quality. The analysis of the leucocyte and lymphocyte subsets suggests that this product should also avoid NHFTR and HIA alloimmunisation. If -80°C freezing could be avoided this improved product could also be delivered at lower cost.
